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Introduction: Numerous studies have been conducted to assess the
biomechanical and neuromotor response to sudden ankle perturbation. The
goal of such studies is often to explore the mechanisms that may contribute
to ankle sprain prevention. However, when perturbations are invoked during
walking, subsequent trials may be impacted by gait adaptations in response
to the initial perturbation. Common gait strategy after experiencing a
perturbation is a decrease in step length and an increase in step width.
Methods: 12 healthy volunteers walked along a two-trapdoor walkway (6.10m
in length & 0.25m tall) that elicited random, sudden inversion and
inversion/plantarflexion drops. Participants performed trials of walking gait
during normal walking (NW), inversion (ID), and inversion/plantarflexion (IPD)
conditions. During all trials, subjects wore basketball vision blocking goggles
to prevent them from seeing the walkway in front of them and were told to
walk to a beat of 90bpm from a metronome. Motion capture was used to
measure step length and step width during each trial. The first and sixth trial
following perturbation were obtained and used to assess gait adaptations in
response to each perturbation condition. Repeated measures ANOVAs were
employed for the first and last wash trials to assess differences in gait
characteristics across all three conditions. Results: No significant differences
were observed in spatial-temporal variables across conditions or time: Step
Length (F (2,9) =.290, p=.751); Step Width (F (2,9) = .140, p=.870); Step Length
Standard Deviation (F (2,9) = .708, p=.504); and Step Width Standard
Deviation (F (2,9) = .926, p=.411). Conclusion: Due to the lack of significant
differences found across all conditions, we can conclude both the inversion
and inversion/plantarflexion did not yield gait adaptations during subsequent
trials. Specifically, step length and step width, as well as respective variability
measures were not impacted by perturbation trials. Thus, normalization trials
may not be necessary to re-establish normal step length/width characteristics
following sudden ankle perturbation. However, additional work is needed to
determine if other spatial-temporal parameters (double-leg support time,
swing phase, etc.) were impacted by the perturbations.

Participants

12 healthy, college-aged participants (age: 23.4 years, height: 1.72m,
weight: 73.7kg) volunteered for this study. All participants were physically
active as defined by participating in a minimum of 20 minutes of exercise
at least three times per week. Before data collection began, all participants
were screened via questionnaire for history of lower extremity injury in the
past six months, and those indicated injury were excluded from this study.

Protocol

Participants performed 67 trials of which consisted of three occurrences of
each perturbation: inversion, inversion/plantarflexion, and normal
walking(no perturbation), and six wash out trials between each conditions
for a total of 54 wash trials. Walking protocol required participants to walk
to a standardized 90bpm from a metronome while wearing basketball
vision blocking goggles. Participants familiarized themselves with the
walking protocol while researches instructed them to start at different
starting lines. This was done to ensure subjects’ strides matched with both
trap doors, this was unknown to the participant. Subjects were aware there
could be a possibility of a drop but were not aware of when or how the
drops occurred. Perturbation trials that did not result in a clean strike of
the trapdoor or loss of electrodes were repeated later in the study.

Figure 1: Custom-made Walkway

Equipment

Sudden ankle inversion perturbations are often elicited
experimentally to study how individuals respond to prevent ankle
injury. From an experimental design perspective, it is important to
know if movement adaptations are present proceeding experimental
perturbation. Previous studies have reported decreases in step
length and increases in step width following slip or fall perturbations.
However, adaptations following sudden ankle inversion perturbation
have not been assessed. Additional work is needed to determine if
normalization trials are necessary to wash out gait adaptations
following sudden ankle perturbation.
Purpose
This study examined two different perturbations to determine if they
elicit spatial-temporal gait adaptations, and if adaptations are
normalized over several washout trials.

Figure 2: Inversion Trap Door

A custom-made walkway with two trap doors was created for this study.
The runway is 6.10m in length, 0.25m tall, and 0.76m wide. Two control
panels with mechanical levers are placed at the first and fourth segment
respectively. The first control panel drops the participant into 30 degrees
of inversion when contact pressure is applied. The second panal drops the
participant into inversion and plantar flexion upon contact. Two adhesive,
nonslip strips are placed on the runway to prevent slipping during drops..
Reflective, surface markers were placed on anatomical landmarks of the
lower extremity. individually on the ASIS, iliac crest, lateral tow, medial toe,
and heel. One cluster of 4 was placed on the posterior, mid-thigh. Another
cluster of 3 on the posterior shank. The means based on right and left heel
strike and toe off were collected through Vicon, a motion-capturing
system. Stride length was calculated by taking the distance between the
proximal end position of the foot at ipsilateral heel strike to the proximal
end position of the foot at the next ipsilateral heel strike. Stride width was
calculated by the medio-lateral distance between the proximal end position
of the foot at the ipsilateral heel strike to the proximal end position of the
foot at the next contralateral heel strike. Data from the first and last wash
trials per conditions were assessed for differences.

Repeated measures ANOVAs were employed to examine differences
across all three conditions and two time periods for all four variables:
step length, step width, step length standard deviation, and step
width standard deviation. No significant differences were found
between condition or time period. No significant differences were
observed in spatial-temporal variables across conditions or time:
Step Length (F (2,9) =.290, p=.751); Step Width (F (2,9) = .140,
p=.870); Step Length Standard Deviation (F (2,9) = .708, p=.504); and
Step Width Standard Deviation (F (2,9) = .926, p=.411).

This study examined the spatial-temporal parameters following two
perturbation conditions to explore potential differences in gait
strategy. Previous studies have reported decrease in stride length
and increase in stride width, but few studies have focused on
comparing gait strategy during two sudden ankle perturbations.
Secondly, adaptations have been shown to return to baseline after
repeated exposure to perturbation. Current results demonstrate the
initial perturbation does not appear to influence gait characteristics
during subsequent trials of after several normalization trials.
Additionally, a lack of differences found in the first or last wash trial
could indicate the current experimental design did not influence gait
adaptations.
Due to the lack of significant differences found across all
conditions, normalization trials may not be necessary to re-establish
normal step length/width characteristics following sudden ankle
perturbation. However, additional work is needed to determine if
other spatial-temporal parameters (double-leg support time, swing
phase, etc.) were impacted by the perturbations. Additionally, a
larger sample size may be necessary to detect subtle differences in
gait characteristics following sudden ankle perturbation.

